The decay of (disorder-averaged) static spin correlation functions at T = 0 for the one-dimensional spin-1/2 XXZ antiferromagnet with uniform longitudinal coupling J∆ and random transverse coupling The results for the transverse correlation function S x 0 S x r show a crossover from power-law decay to exponential decay as the exchange disorder is turned on.
the calculation is based on the Jordan-Wigner mapping to free lattice fermions for chains with up to N = 100 sites. At ∆ = 0 Lanczos diagonalizations are carried out for chains with up to N = 22 sites. The longitudinal correlation function S z 0 S z r is found to exhibit a power-law decay with an exponent that varies with ∆ and, for nonzero ∆, also with the width of the λ i -distribution.
The results for the transverse correlation function S x 0 S x r show a crossover from power-law decay to exponential decay as the exchange disorder is turned on.
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The combination of randomness and quantum fluctuations is well-known to be a fertile ground for interesting physical phenomena including Anderson localization. In onedimensional (1D) tight-binding systems the rule is that disorder always leads to localization. However, if the randomness is purely off-diagonal, the localization length diverges at the band center, 1 which is bound to affect the decay law of correlation functions. One particular off-diagonally disordered fermion model, the 1D half-filled tight-binding model with random hopping, is equivalent to the special XX case (∆ = 0) of the 1D s = 1/2 XXZ model with random transverse exchange coupling, described by the Hamiltonian
The uniform longitudinal spin coupling corresponds to a fermion interaction. Here we consider the range 0 ≤ ∆ ≤ 1, use periodic boundary conditions, and take the random transverse coupling Jλ i to be described by a Gaussian distribution with λ i = 1, λ i λ j = 1 + σ 2 δ ij . The spin correlations at T = 0 of this model were recently investigated by means of a real-space renormalization group (RSRG) method 2,3 based in part on ideas from earlier work, 4 and by means of a finite-chain study.
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One interesting proposition made in the context of the RSRG study is the existence of a random-singlet phase with algebraically decaying spin pair correlations:
The singlet nature of that phase would imply that the characteristic exponent η α assumes the same value in the longitudinal (z) and transverse (x) correlation functions, in marked contrast to the case with no exchange disorder (σ = 0), for which we know the exact result
The RSRG study further predicts that this exponent value is η x = η z = 2, independent of the longitudinal coupling ∆ and the disorder strength σ, provided the latter is not too small.
It is indeed quite unusual that the anisotropic randomization of an anisotropic exchange interaction should effectively remove the effects of anisotropy in the spin correlations.
Here we report results of a finite-chain study which goes significantly beyond that of Ref. The data analysis yields η z = 2 independent of σ. This is consistent with the RSRG prediction 2,3 but in contradiction to the earlier finite-size study, 5 where a significant σ-dependence of η z was observed. For the system without exchange disorder we reproduce the exactly known value η x = 1/2, 9 which is a special case of (3). As σ increases from zero, η x grows gradually and monotonically, at first slowly, then more and more rapidly.
For σ > ∼ 0.5 the curves in Fig. 1 suggest the occurrence of a crossover from algebraic decay to exponential decay, | S 
